Background/Aims: Cancer-induced bone pain (CIBP) is one of the most common pains in patients with advanced neoplasms. Because of treatment-associated side effects, more than half of cancer patients are reported to have inadequate and undermanaged pain control. New mechanism-based therapies must be developed to reduce cancer pain. Quetiapine is a commonly used atypical antipsychotic drug. We report a study of the potential analgesic effects of quetiapine in a mouse model of CIBP and examine the mechanism of bone pain by analyzing the expression of various nociceptors. Methods: Fifteen male C3H/HeN mice were arbitrarily divided into five groups:
INTRODUCTION
Pain is a highly prevalent symptom in cancer patients. Cancer-induced bone pain (CIBP) is one of the most common pains in patients with advanced cancer [1] . The treatment of CIBP involves various approaches including radiotherapy, chemotherapy, and medical treatment with bisphosphonates, nonsteroidal anti-inflammatory drugs, and opioid analgesics [2, 3] . It has been reported that more than half of cancer patients have inadequate and undermanaged pain control because of treatment-associated side effects [4, 5] . Therefore, new mechanism-based therapies are needed to reduce cancer pain.
An animal model of cancer pain involving injection of osteolytic sarcoma cells into the intramedullary space of the mouse femur has been developed and shows a correlation between tissue-induced tumor destruction, neurochemical changes in sensory neurons and spinal cord, and the development of pain-related behaviors [6] .
Sensory information from peripheral tissues is trans- [7] . Two acid-sensing ion channels (ASICs) expressed by nociceptors are transient receptor potential vanilloid 1 (TRPV1) and ASICs [8] [9] [10] . These channels are sensitized and excited by a decrease in pH in the range of 4.0 to 5.0 [11] . Quetiapine is a commonly used atypical antipsychotic drug that has superior therapeutic effects in patients with schizophrenia and other neurologic disorders such as depression [12] . Numerous studies related to the anti-inflammatory effects of antidepressants have been reported [13, 14] , including a study of anti-inflammatory effect of quetiapine on collagen-induced arthritis in mouse model in our center [15] .
In this study, we focus on the potential analgesic effects of quetiapine in a CIBP mouse model and evaluate the mechanism of bone pain by analyzing the expression of various nociceptors.
METHODS

Animals
C3H/HeN mice (SLC Inc., Hamamatsu, Japan; 6 weeks old) were housed in polycarbonate cages and fed standard mouse chow (Ralston Purina, St. Louis, MO, USA) and water ad libitum. All experimental procedures were examined and approved by the Animal Research Ethics Committee of Keimyung University (KM 2010-28).
Experimental surgical procedure
Fifteen male C3H/HeN mice were arbitrarily divided into five groups (n = 3 per group) according to intraperitoneal injection regimen as follows: control group, CIBP group, CIBP with quetiapine treatment, CIBP with opioid treatment, and CIBP with melatonin treatment.
The CIBP model was generated by injection of osteolytic fibrosarcoma cells (cell line: NCTC clone 2472) directly into the tibial bone marrow cavity. Control mice underwent the same surgical procedure of injection with the same volume of saline. Treatments were started when the mice showed positive signs of bone tumor on day 28 after surgery. Quetiapine (10 mg/kg), fentanyl citrate (10 μg/kg), and melatonin (100 ng/kg) were administered through intraperitoneal injection. The mice were injected with the appropriate drug five times a week for 2 weeks. The control mice and CIBP mice were injected with saline. Blood samples and tibial tissues were collected from all mice at the end of the experimental period and stored at −70°C until use.
Behavior test
The mice were tested for mechanical hyperalgesia by determining the nociceptive hind paw withdrawal pressure threshold (PWPT) with a Paw Pressure Analgesia Instrument (UgoBasile, Monvalle, Italy). The tests were performed by an experimenter who was blinded to the treatment groups. The mice were gently held in the hand while incremental pressure, measured by using an automated gauge, from a 1.75 mm 2 , blunt, wedge-shaped piston was applied to the dorsal surface of the hind paw. The end point was paw withdrawal. The minimum paw pressure (in grams) that elicited paw withdrawal was defined as the PWPT. Mean PWPT was established by averaging the values of five consecutive tests, separated by intervals of 30 seconds. The PWPT was tested on days 3, 7, 11, 14, 24, 28, 32, 36, and 40.
Reverse transcription-polymerase chain reaction
At the end of the treatment period, tissues of the left tibia were removed and subjected to quantitative and qualitative evaluations of TRPV1, TRPV4, ASIC1, ASIC2, and ASIC3 expression. Total RNA of tibial tissue from each experimental group was pooled with Trizol (Gibco, Grand Island, NY, USA) according to the manufacturer's protocol and divided into two samples. (Stratagene, La Jolla, CA, USA), 5 × avian myeloblastosis virus (AMV) reverse transcriptase reaction buffer, and 30 units AMV reverse transcriptase (Promega, Madison, WI, USA). PCR was performed three times in duplicate using the cDNA as a template. Levels of TRPV1, TRPV4, ASIC1, ASIC2, and ASIC3 expression were determined by normalizing to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression. The primers used for TRPV1, TRPV4, ASIC1, ASIC2, and ASIC3 were as follows: forward, 5′-CTT GCC AAG TTT CCT CTT GC-3′; reverse, 5′-CAC CCT CAA CAC ACG TCA TC-3′.
RESULTS
Radiologic and pathologic findings of tumor development
Six weeks after injection with fibrosarcoma cells, the tibia of the CIBP mice showed radiolucent lesions, loss of medullary bone, and destruction of cortical bone ( Figs. 1  and 2 ). Pathologic sections of left tibia from CIBP mice showed that tumor cells were densely packed in the marrow cavity and had induced destruction of trabeculae (Fig. 3) .
Mechanical hyperalgesia
PWPT was decreased significantly in the mice with transplanted cancer cells. The PWPT in the CIBP with no treatment group continued to decrease for 40 days (Fig. 4) . In contrast, PWPT was improved in the CIBP with quetiapine treatment group compared with the CIBP group. Therefore, a potential analgesic effect was observed in the quetiapine treatment group. The Korean Journal of Internal Medicine Vol. 32, No. 6, November 2017
Expression of acid-sensing ion channels
The expression levels of TRPV1, TRPV4, ASIC1, ASIC2, and ASIC3 were lower in the CIBP with quetiapine treatment group than in the CIBP group. To investigate the effect of quetiapine on TRPV1, TRPV4, ASIC1, ASIC2, and ASIC3 expression, mRNA levels in the quetiapine treatment group were compared to those in the CIBP with no treatment group and CIBP with fentanyl citrate treatment group. The mRNA levels of TRPV1, TRPV4, ASIC1, ASIC2, and ASIC3 in the CIBP with quetiapine group were markedly decreased and comparable to those in the CIBP with fentanyl citrate group (Fig. 5) .
DISCUSSION
Cancer metastasis to bone results in CIBP and derived from neurochemical changes that are unique compared with other chronic pain states. The acidic tumor environment and secretion of substances such as growth factors, cytokines, and chemokines from tumor cells have been reported to stimulate nearby primary afferent nociceptors and induce pain [16, 17] . The principal challenge in understanding the mechanism of cancer pain is the development of an animal model of pain that displays similar characteristics to human CIBP [18] . The present study demonstrates that fibrosarcoma cell inoculation of the tibia of C3H/HeN mice produces progressive mechanical hyperalgesia, indicating successful establishment of a model of bone pain from metastatic bone cancer. Also, radiologic evaluation of the injected tibia shows progressive bone destruction, which might be the origin of the noxious inputs responsible for the hyperalgesia and allodynia. These findings are in good agreement with the spontaneous and evoked pain in patients with various kinds of bone cancer [19] . The evoked pain behaviors and the response to fentanyl in our experiments are consistent with those observed in other bone cancer models [20] . Quetiapine is an atypical antipsychotic drug and has also been used in the treatment of depression [12] . Numerous studies of the anti-inflammatory effects of antidepressant have been reported [13, 14] . The evidence indicates that antidepressants suppress the production of monocytic cytokine, such as interleukin 1β and tumor necrosis factor α. In 2012, we reported a study of the anti-inflammatory effect of quetiapine on collagen-induced arthritis in a mouse model [15] . That study demonstrated that quetiapine decreased arthritic inflammation and bone destruction in the collagen-induced arthritis mouse model. Quetiapine reduced the severity of arthritis and joint destruction, the underlying mechanism of which may be associated with the inhibitory effect of quetiapine on proinflammatory cytokine production [15] .
In the current study, we demonstrated that quetiapine had an analgesic effect in the CIBP animal model by behavior testing. Our data showed that the PWPT was improved in the quetiapine treatment group compared with CIBP group. In addition, we revealed that expression of acid-sensing ion channels was increased in the CIBP animal model and decreased in the quetiapine treatment group and the opioid treatment group. These results raise the possibility that TRPV and ASICs might be potential targets for cancer pain management. However, this experiment had some limitations. First, only three mice were included in each group, for a total of
